Water scarcity threatens the sustainability of irrigated agriculture in semi-arid regions, and ridge-furrow planting systems (RFPS) can be a prospective rainwater harvesting approach. In this study, we aimed to develop a promising water-saving strategy to boost maize productivity and water use efficiency (WUE). In 2017, we carried out a field experiment to study the effects of various RFPS with multiple irrigation levels on the yield-water relationship of maize (Zea mays L.). Eleven treatments were set up: RFPS with film mulching on both ridges and furrows and without water supply after seed emergence, abbreviated as QF; RFPS with film mulching on continuous ridges, abbreviated as MD, including SMD, MMD, and LMD (S, M, and L-three water supply (irrigation plus precipitation) levels of 650 mm, 500 mm, and 350 mm during the whole growing season); RFPS without film mulching, abbreviated as DD, including SDD, MDD, and LDD; conventional flat planting with no film mulching, abbreviated as GG, including SGG, MGG, and LGG; localized full irrigation (actual amount of irrigation excessively exceeding the quantity needed), abbreviated as NM. A positive linear relationship (R 2 = 0.95-1), a quadratic curve, and a negative linear relationship were observed between the irrigation water level and actual crop evapotranspiration (ET c ), grain yield, and WUE, respectively. The ET c of QF (292 mm) was substantially lower than that of the other treatments (p < 0.01), saving 649 mm of irrigation water and increasing the yield by 2.24% compared with those of NM. Meanwhile, the WUE and irrigation water use efficiency (IWUE) of QF reached maximums of 6.3 and 47.36 kg m −3 , respectively, which were significantly higher than those of other treatments (p < 0.001). The results showed that planting in an RFPS with film mulching on both ridges and furrows (a ridge-to-furrow ratio of 50:30, with a 38 mm irrigation level) is suitable for maize to obtain high yield and reduce irrigation water use significantly.
Introduction
In arid and semi-arid regions, the annual crop evapotranspiration (ET c ) greatly exceeds the total precipitation, and approximately 50% of the total evapotranspiration occurs through the soil surface. Farmland irrigation is obtained mainly from groundwater [1] , and over-exploitation of this resource can result in water unavailability. The total water requirement for maize (Zea mays L.), the third 
Experimental Layout and Treatment Description
The trial was laid out in a completely randomized plot design, comprising eleven treatments with four replicates. Each plot was 12 m long and 3 m wide, with an area of 36 m 2 . The following treatments were used (Table 1) : (1) RFPS with film mulching on both ridges and furrows, and without irrigation after seed emergence (irrigation after sowing to guarantee seed initiation), abbreviated as QF; (2) RFPS with film mulching on continuous ridges with three water supply (irrigation plus precipitation) levels of 650 mm, 500 mm, and 350 mm during the whole growing season, abbreviated as SMD, MMD, and LMD; (3) RFPS without film mulching, with three water supply (irrigation plus precipitation) levels of 650 mm, 500 mm, and 350 mm during the whole growing season, abbreviated as SDD, MDD, and LDD; (4) conventional flat planting without film mulching, with three water supply (irrigation plus precipitation) levels of 650 mm, 500 mm, and 350 mm during the whole growing season, abbreviated as SGG, MGG, and LGG; and (5) full irrigation (actual irrigation amount excessively exceeding the amount of water needed) during the whole growing season, defined as NM. Flood irrigation was used with QF and GG, and drip irrigation was used with MD and DD during the whole growing season. Detailed plot arrangement is shown below. Notes: QF represents RFPS with film mulching on both ridges and furrows and without water supply after seed emergence; MD represents RFPS with film mulching on continuous ridges; DD represents RFPS without film mulching; GG represents conventional flat planting with no film mulching.
For QF, each ridge was 50 cm wide × 35 cm high, and each furrow was 30 cm wide, with three ridges and four furrows per plot. An optimum ridge-to-furrow ratio is imperative to develop a more effective RFPS. The ridge-to-furrow ratio was 50:30 (50 cm ridge width, and 30 cm furrow width). One week prior to planting, the ridges were banked up with soil and the furrows served as the planting areas. Fertilizer was spread evenly over the furrows and then ploughed into the soil at a 
The trial was laid out in a completely randomized plot design, comprising eleven treatments with four replicates. Each plot was 12 m long and 3 m wide, with an area of 36 m 2 . The following treatments were used (Table 1) : (1) RFPS with film mulching on both ridges and furrows, and without irrigation after seed emergence (irrigation after sowing to guarantee seed initiation), abbreviated as QF; (2) RFPS with film mulching on continuous ridges with three water supply (irrigation plus precipitation) levels of 650 mm, 500 mm, and 350 mm during the whole growing season, abbreviated as SMD, MMD, and LMD; (3) RFPS without film mulching, with three water supply (irrigation plus precipitation) levels of 650 mm, 500 mm, and 350 mm during the whole growing season, abbreviated as SDD, MDD, and LDD; (4) conventional flat planting without film mulching, with three water supply (irrigation plus precipitation) levels of 650 mm, 500 mm, and 350 mm during the whole growing season, abbreviated as SGG, MGG, and LGG; and (5) full irrigation (actual irrigation amount excessively exceeding the amount of water needed) during the whole growing season, defined as NM. Flood irrigation was used with QF and GG, and drip irrigation was used with MD and DD during the whole growing season. Detailed plot arrangement is shown below. For QF, each ridge was 50 cm wide × 35 cm high, and each furrow was 30 cm wide, with three ridges and four furrows per plot. An optimum ridge-to-furrow ratio is imperative to develop a more effective RFPS. The ridge-to-furrow ratio was 50:30 (50 cm ridge width, and 30 cm furrow width). One week prior to planting, the ridges were banked up with soil and the furrows served as the planting areas. Fertilizer was spread evenly over the furrows and then ploughed into the soil at a depth of 8 cm. The covering materials were strips of plastic film (transparent and black polyethylene film, 1 m wide, and 0.008 mm thick), which were laid tightly and continuously against the ridge and furrow surfaces, ensuring the two successive plastic film edges overlapped by 20 cm, and then covered tightly with soil. The maize was seeded in the middle of each furrow using drill seeding. The plots were 100 cm apart.
For both MD (SMD, MMD, and LMD) and DD (SDD, MDD, and LDD), each ridge was 80 cm wide × 35 cm high, and each furrow was 40 cm wide, with two ridges and three furrows per plot. The ridge-to-furrow ratio was 80:40. Maize was planted in the ridges on the ridge edges of two rows, with 22 cm between each plant. For MD, strips of plastic film (1 m wide and 0.008 mm thick) were laid tightly against the ridge surfaces, and the two edges were covered with soil before sowing, while furrows were kept uncovered. Crops were irrigated by drip irrigation. Black polyethylene drip tapes were buried 1 cm below the mulch of MD, and 5 cm below the soil surface in DD, in an east-west direction, with adequate water being supplying directly to the crop root zone. These procedures reduced water loss by soil evaporation, which is a main characteristic of drip irrigation under plastic film and subsurface drip irrigation systems compared to other irrigation systems (including sprinkler and surface irrigation). The drip lines were installed in the middle of the ridge width. Emitter spacing was 0.15 m on the drip lines, with a 1 L h −1 emitter discharge rate. Groundwater for irrigation was measured continuously by the flowmeters, with a water-supplied pressure of 0.2 MPa (Figure 2A ). Drip lines were 12 m long in an east-west direction. The drip emitters were pressure-compensated, adjusting the discharge and providing a constant flow rate under, for example, variable pressure and slope, providing uniform water application [40] . depth of 8 cm. The covering materials were strips of plastic film (transparent and black polyethylene film, 1 m wide, and 0.008 mm thick), which were laid tightly and continuously against the ridge and furrow surfaces, ensuring the two successive plastic film edges overlapped by 20 cm, and then covered tightly with soil. The maize was seeded in the middle of each furrow using drill seeding. The plots were 100 cm apart. For both MD (SMD, MMD, and LMD) and DD (SDD, MDD, and LDD), each ridge was 80 cm wide × 35 cm high, and each furrow was 40 cm wide, with two ridges and three furrows per plot. The ridge-to-furrow ratio was 80:40. Maize was planted in the ridges on the ridge edges of two rows, with 22 cm between each plant. For MD, strips of plastic film (1 m wide and 0.008 mm thick) were laid tightly against the ridge surfaces, and the two edges were covered with soil before sowing, while furrows were kept uncovered. Crops were irrigated by drip irrigation. Black polyethylene drip tapes were buried 1 cm below the mulch of MD, and 5 cm below the soil surface in DD, in an east-west direction, with adequate water being supplying directly to the crop root zone. These procedures reduced water loss by soil evaporation, which is a main characteristic of drip irrigation under plastic film and subsurface drip irrigation systems compared to other irrigation systems (including sprinkler and surface irrigation). The drip lines were installed in the middle of the ridge width. Emitter spacing was 0.15 m on the drip lines, with a 1 L h −1 emitter discharge rate. Groundwater for irrigation was measured continuously by the flowmeters, with a water-supplied pressure of 0.2 MPa (Figure 2A ). Drip lines were 12 m long in an east-west direction. The drip emitters were pressure-compensated, adjusting the discharge and providing a constant flow rate under, for example, variable pressure and slope, providing uniform water application [40] .
For GG (SGG, MGG, and LGG), the crop was flat planted without the other water conservation measures (plastic black film mulching), with 22 cm between each plant and 60 cm row spacing ( Figure  2B ). For GG (SGG, MGG, and LGG), the crop was flat planted without the other water conservation measures (plastic black film mulching), with 22 cm between each plant and 60 cm row spacing ( Figure 2B ).
Agronomic Management
The experimental field had a 0.5% slope from west to east. The field was rectangular, measuring 74 m in a north-south direction and 48 m in an east-west direction. The Zea mays. L. cv. Jingke 958 variety was chosen as the tested cultivar for all the treatments and was planted on 26 April 26 at a depth of 5 cm. The field was tilled approximately 1 week before sowing. At the time of tilling, a basal dose of fertilizer was spread evenly over the topsoil at a rate of 375 kg ha −1 of diammonium phosphate (N-P 2 O 5 -K 2 O, 18-46-0) based on the N and P requirements; the fertilizer was applied in spade slits to avoid loss over the soil surface and sprinkled near the maize roots to ensure full absorption by the crops. One day before sowing, ridges and furrows were constructed alternately in each plot and mulching was applied. Plant populations averaged 60,000 plants ha −1 and did not vary by treatment. Plants emerged on 7 May, and the crops were harvested on 11 September. We considered the growing season to be the period from maize emergence to harvest. The field was managed as a ridge-till in the growing season, and pesticide, insecticide, herbicide, and fertilizer were applied uniformly to the entire field as needed. After harvesting in 2017, the ridge and furrow configurations were left in the field to be re-built in the following year. Weeds were controlled manually. Plots were spaced 1m apart to minimize water movement among treatments, and a buffer channel 1 m wide was provided in the neighborhood of experimental fields to avoid edge effects.
Irrigation Scheduling of Crop Growth Stages
In our study, the maize growing season could be divided into seeding, jointing, heading, filling, and ripening stages. Based on the different maize water requirements for each growth stage, water supply was distributed as the percentage of the total designed water supply (Table 2) , and the actual irrigation regimes are shown in Table 3 . Furthermore, the plants were irrigated on days with no or low wind (<1.5 m s −1 ) to achieve uniform irrigation. Precipitation was measured with a standard pluviometer. The amount of irrigation for each growth stage was the designed water supply amount minus precipitation (during the period between irrigation events). The local irrigation water was assumed to be 157.5 mm on 29 April, 105 mm on 30 June, 115.5 mm on 13 July, 83.5 mm on 23 July, 105 mm on 17 August, and 120.75 mm on 3 September, producing a total of 687 mm. As can be seen in Table 3 , with a low total water supply (350 mm), the actual water supply amount from the filling to the ripening stage was significantly higher than the designed water supply threshold (98 mm), severely affecting the accuracy of the trial results-this was likely related to the precipitation data. The maximum daily precipitation on 3 August 2017 (100.47 mm) was significantly higher than from May to September 2006-2016 (50 mm) (Figure 3 ), and therefore it was an extreme precipitation event, and the total water supply amount could be modified as needed to the three irrigation levels (650 mm, 500 mm, and 400 mm). Note: N represents no irrigation; + represents irrigation increment compared to water supply scheduling in different growth stages (Table 2 ) and needs to be subtracted from the next time of irrigation; − represents irrigation loss compared to water supply scheduling in different growth stages (Table 2) , and need to be added at the next time of irrigation. QF represents RFPS with film mulching on both ridges and furrows, and without irrigation after seed emergence (irrigation after sowing to guarantee seed initiation); SMD, MMD, and LMD represents RFPS with film mulching on continuous ridges with three water supply (irrigation plus precipitation) levels of 650 mm, 500 mm, and 350 mm during the whole growing season; (3) SDD, MDD, and LDD represents RFPS without film mulching, with three water supply (irrigation plus precipitation) levels of 650 mm, 500 mm, and 350 mm during the whole growing season; (4) SGG, MGG, and LGG represents conventional flat planting without film mulching, with three water supply (irrigation plus precipitation) levels of 650 mm, 500 mm, and 350 mm during the whole growing season. The date between precipitation and irrigation is continuous because the precipitation during the days of irrigation is automatically counted as the amount of precipitation in the interval between that irrigation and the next irrigation. 
Estimations of Water Uses of Indicators
Maximum air temperature (T max ), minimum air temperature (T min ), mean air temperature (T mean ), net solar radiation (R n ), relative humidity (RH), wind speed at 2 m height (U 2 ), latitude (Ψ), latent heat (λ), soil heat flux (G) were obtained from the long-term meteorological monitoring station located in the experimental site.
Grain yield (maize of every plot) was harvested at the maturity stage, and 6 ears that grew successfully were selected randomly in each plot. Grains per ear, ear length, and diameter were calculated by counting the number of grains per ear, measuring tape, and vernier calliper, respectively. Yield components of plots were averaged as the final values of each treatment. Subsequently, drying the grain for constant weight at 85 • C, weighted by an electric balance for hundred grain weight and grain yield, and grain yields were converted to a standard grain water content of 15.5% wet basis [41] .
ET c was calculated daily during the growing season by the soil water balance equation (Equation (1)) [42] :
in which ET c is the actual evapotranspiration (mm), I is the amount of irrigation water applied (mm), P is the precipitation (mm), C r is the capillary rise (mm), D w is the amount of drainage water (mm), R f is the amount of runoff (mm), and s is the change in the soil moisture content(mm). The soil moisture content measurement was used by the conventional oven-dry method in soil layers (0-20, 20-40, 40-60, 60-80 and 80-100cm). No runoff was observed during the trials. Capillary rise was considered negligible due to the deep-water table level. Drainage water included precipitation under the effective rooting depth, according to the soil water content measurements in soil layer at the effective rooting depth, was determined. Water use efficiency (kg m −3 ) was calculated by dividing grain yield (kg ha −1 ) by evaportranspiration (mm) [43] .
ET c is the product of the evapotranspiration of a reference crop (ET o ) and a crop coefficient (k c ). ET o was calculated using the weather data as input to the Penman-Monteith equation and the k c is used to adjust the estimated ET o for the reference crop at different growth stages.
ET o was calculated per day during the growing season by using the FAO Penman-Monteith equation. The FAO Penman-Monteith equation is given by Allen et al. [44] :
in which ET o is the reference evapotranspiration (mm day −1 ), R n is net radiation at the crop surface (MJ m −2 day −1 ), G is soil heat flux density (MJ m −2 day −1 ), T is mean daily air temperature at 2 m height ( • C), µ 2 is wind speed at 2 m height (m s −1 ), e s is saturation vapor pressure (k Pa), e a is actual vapor pressure (k Pa), e s − e a is saturation vapor pressure deficit (k Pa), D is the slope of the saturation vapor pressure curve (k Pa/ • C), and c is psychrometric constant (k Pa/ • C). Meteorological parameters needed to calculate ET o were derived from a local meteorological station. The crop coefficient (k c ) is the ratio of ET c to ET o , and k c was estimated with the following equations [45] :
Water use efficiency (WUE, kg m −3 ) and irrigation water use efficiency (IWUE, kg m −3 ) were calculated as
in which Y = yield (kg ha −1 ), ET c = seasonal crop evapotranspiration (mm), and I = seasonal irrigation (mm).
Statistical Analysis
Analysis of variance (ANOVA) was performed using SPSS 17.0 software to evaluate the effects of various patterns of RFPSs and irrigation levels on the grain yield components of maize. We used a two-way ANOVA to analyze grain yield, WUE, and IWUE responses to various patterns of RFPS with different irrigation levels. Differences among means in water use indicators and yield components were evaluated for significance using least significant differences (LSD) at the 5% and 1% probability levels. Figures were generated using Origin 8.0. All statistical analyses, including correlations among water-use characteristics and yield components, were computed using the SPSS software.
Results and Discussion

Water Use Characteristics
As shown in Table 4 and Figure 4 , ET o of the growing season was 501mm, overall, ET c , k c , and daily water use increased with irrigation in all treatments. Total ET c and k c of QF presented minimum values of 292 mm and 0.58, respectively, being significantly different to those of the other treatments (p < 0.05). In contrast, the maximum total ET c and k c values were recorded with NM, likely due to an adequate soil water supply during the growing stage, showing values of 942 mm and 2.38, respectively, and the average daily water use reached 6.83 mm d −1 , significantly higher than with the other treatments (p < 0.01). This result was substantially higher than that observed by Istanbulluoglu et al. [46] , who reported ET c values for maize of 586 mm with full irrigation, indicating that RFPS may be useful for preventing evaporation. However, a value of 174 mm for the ET c for non-irrigated maize was recorded by Dagdelen et al. [47] , which was lower than that of QF; this was responsible mostly for regional difference, maize variety, and irrigation approach. The ET c of MD and DD varied in the range of 412 ± 48 mm-598 ± 32 mm, of which decreasing ratio was between 46.17% and 49.32%, compared to drip irrigated maize of Oktem et al. [48] , confirming that RFPS and subsurface drip irrigation had a higher capacity for water conservation (Figure 4) . Table 4 . Maximum air temperature (T max ), minimum air temperature (T min ), mean air temperature (T mean ), net solar radiation (R n ), relative humidity (RH), wind speed at 2 m height (U 2 ), latitude (Ψ), latent heat(λ), Soil heat flux (G), and reference crop evapotranspiration (ET o ) for the months of April-September at Naiman, China in April-September, 2017. The maize growing period with QF, MD, and DD was shorter than with NM by approximately 10, 12, and 7 days, respectively. However, the growing period with GG was delayed, suggesting that, under flood irrigation, the level of maize irrigation must be above 622 mm for proper growth ( Figure  5 ). The maize growing period with QF, MD, and DD was shorter than with NM by approximately 10, 12, and 7 days, respectively. However, the growing period with GG was delayed, suggesting that, under flood irrigation, the level of maize irrigation must be above 622 mm for proper growth ( Figure 5 ). The maize growing period with QF, MD, and DD was shorter than with NM by approximately 10, 12, and 7 days, respectively. However, the growing period with GG was delayed, suggesting that, under flood irrigation, the level of maize irrigation must be above 622 mm for proper growth ( Figure  5 ). 
Yield Components Analysis
The number of rows per ear, 100 grain weight, grains per ear, and cob weight were significantly related to grain yield [49] . Grain yield can be reduced by decreasing yield components (grain number and grain weight) [32] . In our study, ear length, ear diameter, and grains per ear with QF increased by 10.64%, 8.09%, and 13.05%, respectively, compared to NM. Considering water-saving approaches under the same irrigation level, the yield was in the order DD > MD > GG, and significant differences were found between DD, MD, and GG (p < 0.01). Similarly, considering a single irrigation level with the same water-saving approach, grain yield was consistent in the order of 360 mm > 237 mm > 152 mm, but the differences were not significant.
The maximum grain yield occurred with the DD treatment and with the 360 mm irrigation level, with a value of 21,197.37 kg ha −1 , an increase of 17.84% compared to NM; however, the maximum grain yield did not occur at or near maximum WUE, and the rate of yield increase was lower than in Li et al. [39] at 49.0% with the 295 mm irrigation level. This lower rate was likely due mostly to geographical differences, plant per hectare, and irrigation pattern. There were no pronounced differences in yield between SDD, MDD, and LDD. If no irrigation water is considered (QF, except for irrigation after sowing), grain yield attained 18390.5 kg ha −1 , significantly higher than that of Yildirim et al. [50] , fully explaining the yield-increasing effect of the RFPS. The yield with MD and DD with the 360 mm, 237 mm, and 152 mm irrigation levels increased by different degrees (3.91-17.84%), and the irrigation amount was reduced by 43.49%, 65.31%, and 87.14%, respectively, compared to NM, achieving the goal of saving water and increasing yield. However, this result was not consistent with that reported by Dagdelen et al. [47] , namely, that yield was markedly affected by the drip irrigation application rate. When the amount of applied water through drip irrigation was reduced by 25%, the yield decreased by approximately 17.1%. However, reducing irrigation by up to 50% resulted in a 34.1% lower yield than with full irrigation. This contradiction could be due to plant pattern (RFPS in our study) and the contribution of planting density ( Figure 6 ). 
The maximum grain yield occurred with the DD treatment and with the 360 mm irrigation level, with a value of 21,197.37 kg ha −1 , an increase of 17.84% compared to NM; however, the maximum grain yield did not occur at or near maximum WUE, and the rate of yield increase was lower than in Li et al. [39] at 49.0% with the 295 mm irrigation level. This lower rate was likely due mostly to geographical differences, plant per hectare, and irrigation pattern. There were no pronounced differences in yield between SDD, MDD, and LDD. If no irrigation water is considered (QF, except for irrigation after sowing), grain yield attained 18390.5 kg ha −1 , significantly higher than that of Yildirim et al. [50] , fully explaining the yield-increasing effect of the RFPS. The yield with MD and DD with the 360 mm, 237 mm, and 152 mm irrigation levels increased by different degrees (3.91-17.84%), and the irrigation amount was reduced by 43.49%, 65.31%, and 87.14%, respectively, compared to NM, achieving the goal of saving water and increasing yield. However, this result was not consistent with that reported by Dagdelen et al. [47] , namely, that yield was markedly affected by the drip irrigation application rate. When the amount of applied water through drip irrigation was reduced by 25%, the yield decreased by approximately 17.1%. However, reducing irrigation by up to 50% resulted in a 34.1% lower yield than with full irrigation. This contradiction could be due to plant pattern (RFPS in our study) and the contribution of planting density ( Figure 6 ). Crop WUE is generally determined as the economic yield divided by the seasonal crop evapotranspiration, and the IWUE is the economic yield divided by the total irrigation water applied. QF had the largest WUE and IWUE of 6.33 kg m −3 and 47.36 kg m −3 , respectively, substantially higher than the results of Ko and Piccinni [51] , and the greatest WUE (1.6-2.0 kg m −3 ) was recorded with the 456 mm irrigation level and the other water-saving approaches in our study. Therefore, the QF treatment was appropriate for maintaining, even increasing, yield, and maximizing savings in irrigation. Next was DD at the 152 mm irrigation level, in which WUE and IWUE were 4.72 kg m −3 and 12.71 kg m −3 , respectively, an increase of 33.33% and 116.16%, respectively, compared to the 360 mm irrigation level. In brief, WUE and IWUE were coincident with irrigation levels in the order of 38 mm > 152 mm > 237 mm > 360 mm > 687 mm, contradicting previous results showing that maize WUE decreased with decreasing levels of irrigation, with no significant differences in WUE being observed among different irrigation levels [10, 52] . Overall, our study showed that ET c , WUE, and IWUE ranged between 292-632 mm, 2.89-6.33 kg m −3 , and 5.39-47.36 kg m −3 , respectively; however, Koksal and Kanber [53] reported that when ET c levels in maize were between 631 and 723 mm, WUE and IWUE ranged between 1.38 and 1.80 kg m −3 and 0.87 and 3.19 kg m −3 , respectively, indicating that WUE and IWUE were greatly improved in our study ( Figure 7) .
Crop WUE is generally determined as the economic yield divided by the seasonal crop evapotranspiration, and the IWUE is the economic yield divided by the total irrigation water applied. QF had the largest WUE and IWUE of 6.33 kg m −3 and 47.36 kg m −3 , respectively, substantially higher than the results of Ko and Piccinni [51] , and the greatest WUE (1.6-2.0 kg m −3 ) was recorded with the 456 mm irrigation level and the other water-saving approaches in our study. Therefore, the QF treatment was appropriate for maintaining, even increasing, yield, and maximizing savings in irrigation. Next was DD at the 152 mm irrigation level, in which WUE and IWUE were 4.72 kg m −3 and 12.71 kg m −3 , respectively, an increase of 33.33% and 116.16%, respectively, compared to the 360 mm irrigation level. In brief, WUE and IWUE were coincident with irrigation levels in the order of 38 mm > 152 mm > 237 mm > 360 mm > 687 mm, contradicting previous results showing that maize WUE decreased with decreasing levels of irrigation, with no significant differences in WUE being observed among different irrigation levels [10, 52] . Overall, our study showed that ETc, WUE, and IWUE ranged between 292-632 mm, 2.89-6.33 kg m −3 , and 5.39-47.36 kg m −3 , respectively; however, Koksal and Kanber [53] reported that when ETc levels in maize were between 631 and 723 mm, WUE and IWUE ranged between 1.38 and 1.80 kg m −3 and 0.87 and 3.19 kg m −3 , respectively, indicating that WUE and IWUE were greatly improved in our study ( Figure 7 ). 
The Relationships between Irrigation Water and Yield Components
Curve relationships were found between irrigation amount and yield components, as seen in Figure 8 . Moosavi [54] reported that reducing the amount of irrigation led to a decrease in ear diameter and length, but only within an irrigation threshold of 0-400 mm. The maximum ear length, ear diameter, grains per ear, and yield values were all recorded between the 300 and 400 mm irrigation levels, corroborating the results in Figure 6 ; with irrigation levels above 400 mm, the values decreased with increasing irrigation amounts, consistent with the results presented in Table 5 , indicating that the correlation coefficients between ETc and yield components were negative. Therefore, excessive irrigation did not increase yield, and the yield components of maize were higher between 0 and 100 mm than between the 600 and 700 mm irrigation level thresholds. In addition, grain number is closely related to maize yield, and the number of grains per ear is a yield component that varies markedly with irrigation water amounts [55] . It was relatively close to similar findings in Table 2 that Yield was greatly positively affected by grains per ear, and a curvilinear relationship existed between yield and irrigation water, which was consistent with Farré and Faci [4] and Cetin and Bilgel [56] . However, a good linear relationship between yield and irrigation water applied in 
Curve relationships were found between irrigation amount and yield components, as seen in Figure 8 . Moosavi [54] reported that reducing the amount of irrigation led to a decrease in ear diameter and length, but only within an irrigation threshold of 0-400 mm. The maximum ear length, ear diameter, grains per ear, and yield values were all recorded between the 300 and 400 mm irrigation levels, corroborating the results in Figure 6 ; with irrigation levels above 400 mm, the values decreased with increasing irrigation amounts, consistent with the results presented in Table 5 , indicating that the correlation coefficients between ET c and yield components were negative. Therefore, excessive irrigation did not increase yield, and the yield components of maize were higher between 0 and 100 mm than between the 600 and 700 mm irrigation level thresholds. In addition, grain number is closely related to maize yield, and the number of grains per ear is a yield component that varies markedly with irrigation water amounts [55] . It was relatively close to similar findings in Table 2 that Yield was greatly positively affected by grains per ear, and a curvilinear relationship existed between yield and irrigation water, which was consistent with Farré and Faci [4] and Cetin and Bilgel [56] .
However, a good linear relationship between yield and irrigation water applied in maize has also been reported in other studies [48, 57] , with the likely reason for these different results being that the relationships between yield and irrigation water varied with season and location. 
The Relationships between Irrigation Amount and Water Use Characteristics
As seen in Table 2 , ETc, kc, and daily water use were significantly affected by irrigation levels. ETc, kc, and daily water use were linearly proportional to the amount of irrigation water (R 2 ≥ 0.95); the relationship between ETc and kc and daily water use were also positively linear, and R 2 was between 0.98 and 1 ( Figure 9) . Therefore, the increases in ETc, kc, and daily water use were closely associated with increased irrigation amounts (Table 4) . Consequently, these results confirm that ETc, kc, and daily water use were coincident with irrigation levels in the order of 687 mm > 360 mm > 238 mm > 153 mm > 39 mm. ETc and kc were 292 mm and 0.58, respectively, with the irrigation level of 39 mm, and were significantly lower than with other irrigation levels (p < 0.01). Kiziloglu et al. [58] determined that the kc for the whole maize growing season to be 1.01-1.1, in agreement with our results showing a kc between 1.15-1.22 with a 360 mm level of irrigation. The greater the amount of irrigation water applied above 360 mm, the bigger the kc. Note: F represents F-statistics; P represents significant value. ** means the significant difference at the level of 0.01; * means the significant difference at the level of 0.05.
As seen in Table 2 , ET c , k c , and daily water use were significantly affected by irrigation levels. ET c , k c , and daily water use were linearly proportional to the amount of irrigation water (R 2 ≥ 0.95); the relationship between ET c and k c and daily water use were also positively linear, and R 2 was between 0.98 and 1 ( Figure 9) . Therefore, the increases in ET c , k c , and daily water use were closely associated with increased irrigation amounts (Table 4) . Consequently, these results confirm that ET c , k c , and daily water use were coincident with irrigation levels in the order of 687 mm > 360 mm > 238 mm > 153 mm > 39 mm. ET c and k c were 292 mm and 0.58, respectively, with the irrigation level of 39 mm, and were significantly lower than with other irrigation levels (p < 0.01). Kiziloglu et al. [58] determined that the k c for the whole maize growing season to be 1.01-1.1, in agreement with our results showing a k c between 1.15-1.22 with a 360 mm level of irrigation. The greater the amount of irrigation water applied above 360 mm, the bigger the k c . 
The Relationships between Irrigation Water and WUE, IWUE
As described in Table 6 , WUE and IWUE were greatly affected by irrigation levels and were linearly related to irrigation water. WUE and IWUE declined with increasing irrigation levels ( Figure  10) , and there was a significant negative correlation between ETc and WUE and IWUE, as shown in Table 7 . Therefore, WUE and IWUE were coincident with irrigation levels in the order of 39 mm > 153 mm > 238 mm > 360 mm > 687 mm. Note: F represents F-statistics; P represents significant value. ** means the significant difference at the level of 0.01. 
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As described in Table 6 , WUE and IWUE were greatly affected by irrigation levels and were linearly related to irrigation water. WUE and IWUE declined with increasing irrigation levels ( Figure  10) , and there was a significant negative correlation between ETc and WUE and IWUE, as shown in Table 7 . Therefore, WUE and IWUE were coincident with irrigation levels in the order of 39 mm > 153 mm > 238 mm > 360 mm > 687 mm. Note: F represents F-statistics; P represents significant value. ** means the significant difference at the level of 0.01. Note: * correlation is significant at the 0.05 level (2-tailed). ** correlation is significant at the 0.01 level (2-tailed).
The Comparisons of Grain Yield, WUE, and ET c of Maize
As shown in Table 8 , although irrigation water level of our study was not significant, grain yield, WUE, and IWUE were not affected negatively. The irrigation amount was significantly lower compared to Igbadun et al., El-Wahed et al., and Oktem, but the grain yield, WUE, and IWUE were significantly higher. The irrigation amount used in our study was similar to Payero et al. and Sun et al., but the yield, WUE, and IWUE were also significantly higher. Table 8 . The comparisons of grain yield, IWUE, WUE, and ET c of maize under different irrigation strategies in previous studies compared to this study.
